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Next  to  developing  satisfactory  methods  for  estimating  run-off 
with  the  present  limited  store  of  knowledge  the  actual  measurement 
of  surface  run-off  involved  in  securing  adequate  basic  data  is  the 
most  formidable  task  of  the  hydrologist.  Among  the  many  kinks  in  this 
knotty  problem  such  as  silting  of  measuring  devices  and  instrumental 
difficulties,  the  error  due  to  pondage  is  on©  of  the  big  ones.  The 
straightening  of  this  one  kink  is  the  subject  of  this  paper#  The 
writers  hope  that  this  discussion  of  the  pondage  correction  and  its 
implications  will  prove  helpful  to  the  engineer  engaged  in  the  design 
of  impounding  reservoirs  and  to  serious  students  of  run-off  phenomena* 

The  extremely  flashy  run-off  and  the  almost  immediate  response 
of  surface  run-off  to  intense  rainfall  make  it  impossible  to  secure 
information  on  rates  of  run-off  from  small  drainage  basins  by  ordinary 
current  meter  measurements.  With  the  type  of  precipitation  prevailing 
in  some  localities  the  rates  of  run-off  from  drainage  basins  of  3,000 
acres  or  more  can,  under  certain  conditions,  be  determined  by  means 
of  current  meter  measurements.  In  other  localities  the  run-off  from 
drainage  basins  of  the  same  size  and  similar  characteristics  may  be 
too  flashy  to  be  measured  with  a  current  meter.  It  Is,  therefore, 
difficult  to  define  the  term  "small  drainage  basin."  However,  for 
the  purpose  of  this  paper  drainage  basins  of  2,000  acres  or  less  will, 
in  general,  be  considered  small. 

Fig#  1  illustrates  a  chart  from  a  waterstag®  recorder  on  a 
drainage  basin  of  about  500  acres  near  Stafford,  Ariz*  This  run-off 
station  and  the  others  referred  to  in  this  paper  are  of  the  type 
described  in  Runoff  From  Small  Drainage  Basins  by  D.  B.  Irimgold, 
Agricultural  Engineering,  October  1938®  This  chart  shows  a  change  in 
stage  of  1.71  at  4*44  P®M.  to  3«71  at  4*46  P.M.,  September  3,  1938, 
which  is  a  rate  of  rise  of  1'  per  minute.  Such  rapid  rises  are  not 
unusual  for  drainage  basins  of  this  size,  and  are  quite  common  on 
smaller  basins.  It  is  obviously  futile  to  attempt  to  secure  run-off 
data  by  means  of  current  meter  measurements  under  such  conditions* 
Prec&librated  measuring  devices  with  a  stable  stage-discharge 
relationship  must  therefore  be  employed  to  obtain  satisfactory  records 
of  rates  of  run-off  as  well  as  of  total  yields  from  such  drainage 
basins. 
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So  far  bo  practical  device  has  been  developed  which  will  measure 
run-off  accurately  without  constricting  the  channel  and  creating  a 
certain  amount  of  artificial  pondage*  Several  types  of  weirs  and  flumes 
ar®  available  for  measuring  run-off*  The  degree  of  contraction  required 
for  the  proper  operation  of  the  several  available  devices  varies  with 
the  type  of  structure*  Broad-crested  7-notch  weirs  require  little  con¬ 
traction  md  can  be  fitted  to  the  natural  or  artificial  watercourse 
by  choosing  the  proper  side  slopes  which  will  give  the  required  degree 
of  accuracy,  but  even  these  structures  create  pondage  which  must  be 
considered  in  arriving  at  the  true  rates  of  surface  run-off* 

Fig*  2  shows  the  surface  of  pondage  for  a  fairly  high  stage  at 
a  run-off  station  on  the  Freehold,  M®  J*,  project  of  the  Soil  Conserva¬ 
tion  Service*  This  run-off  station  is  a  broad-crested  7-notch  weir 
with  2il  side  slopes  constructed  in  a  channel  with  about  the  sarnie  side 
slopes*  Although  the  pondage  at  this  station  is  small  it,  nevertheless, 
has  to  be  considered  in  arriving  at  the  correct  rates  of  surface 
nrn-off  during  high  rates  of  change  in  stage,  such  as  illustrated  in 
fig.  1*  It  is  practically  always  necessary  to  consider  pondage  because 
while  the  volumes  of  water  involved  may  in  some  cases  be  small,  the 
rates  of  change  in  stage  may  be  great  enough  to  make  the  rate  of  im¬ 
pounding  of  water  on  rising  stages  or  the  rate  at  which  the  water 
drains  out  of  the  pond  on  falling  stages  a  large  percentage  of  the 
value  given  by  the  rate  of  discharge  of  the  weir  or  flume. 

A  method  described  herein  for  the  quantitative  determination 
of  rates  of  run-off  represented  by  pondage  was  developed  by  the 
writers*  Pondage  corrections  obtained  by  this  method  were  applied 
to  a  considerable  number  of  records  of  surlace  run-off  from  small 
drainage  basins  equipped  with  broad-crested  V-notch  weirs*  The  results 
were  rather  interesting  md  revealed  that  in  cases  of  rapid  rises  in 
stage  the  pondage  corrections  may  amount  to  as  much  as  50$  or  more  of 
the  apparent  peaks  obtained  from  the  rating  tables  of  the  weirs,  that 
the  corrected  maximum  peaks  of  surface  run-off  occur  prior  to  the 
times  of  the  maximum  gage  heights,  that  the  pondage  corrections  enable 
the  determination  of  the  actual  time  of  ending  of  surface  run-off,  and 
that  they  also  bring  out  minor  peaks  of  run-off  resulting  from  high 
rainfall  intensities  of  short  duration  which  do  not  appear  if  the 
pondage  correction  is  neglected* 

To  illustrate  the  manner  in  which  the  pondage  corrections 
affect  records  of  run-off,  the  rainfall  and  resulting  run-off  of 
April  4  and  5,  1939  on  a  130-acre  drainage  basin  on  the  Vega,  Texas, 
project  of  the  Soil  Conservation  Service  ware  computed  and  both  cor¬ 
rected  and  uneorreeted  hydrographs  were  plotted*  The  run-off 
station  on  this  drainage  basin  is  shown  in  fig.  3*  This  photograph 
was  taken  in  April  1938  and  shows  two  intake  pipes*  The  pipes  were 
removed  before  April  1939  and  replaced  by  an  intake  channel  and  a 
series  of  slots  in  the  stilling  well  to  permit  an  uninterrupted  and 
direct  connection  between  the  stilling  well  and  the  channel  of 
approach* 
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FIGURE  2.  SURFACE  OF  PONDAGE  FOR  A  FAIRLY  HIGH  STAGE 
AT  A  BROAD-CRESTED  V-NOTCH  WEIR  WITH  2  :  1 
SIDE  SLOPES  NEAR  FREEHOLD,  NEW  JERSEY' 


FIGURE  3.  RUNOFF  STATION  ON  A  DRAINAGE  BASIN 
OF  130  ACRES  NEAR  VEGA,  TEXAS 
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A  topographic  map  of  the  pondage  at  this  station  is  shown  in 
fig.  4.  For  the  lack  of  better  expressions  the  contours  at  notch 
elevation  aid  at  maximum  stage  for  which  the  weir  was  designed  were 
designated  "permanent"  and  "temporary  pondage"  respectively  on  this 
map. 

In  fig.  5  are  given  the  mass  curve  of  rainfall,  a  histogram 
of  rainfall  intensities,  the  run-off  hydrograph  based  on  uncorrected 
rates  of  run-off,  the  corrected  run-off  hydrograph,  Hie  mass  curve 
of  run-off  based  on  the  corrected  hydrograph,  and  the  graphical  de¬ 
termination  of  the  actual  time  of  ending  of  run-off.  This  figure 
also  contains  a  table  entitled  "Record  of  Rainfall  and  Run-off"  for 
the  April  4-5  storm  referred  to  above.  The  data  given  in  columns 
1,  3,  6,  and  8  of  this  table  were  taken  from  the  charts  of  the  re¬ 
cording  rain  gage  on  this  watershed  and  of  the  water  level  recorder 
at  the  run-off  station.  The  values  given  in  the  other  columns  were 
computed. 

A  close  examination  of  fig.  5  will  reveal  the  following  points? 
The  pondage  correction  does  not  change  the  time  of  beginning  of 
run-off.  It  does,  however,  show  that  the  actual  maximum  peak  occurred 
2  minutes  prior  to  maximum  gage  height  and  was  34  •  5$  greater  than  the 
peak  shown  by  the  uncorrected  hydrograph  at  the  maximum  gage  height. 

The  corrected  hydrograph  shows  two  secondary  sharp  peaks  at  8s 54  P.M. 
and  9*03  P.M.  which  are  in  closer  agreement  with  the  histogram  of 
rainfall  intensities  than  the  one  secondary  peak  at  9*04  P.M.  of  the 
uncorrected  hydrograph.  The  corrected  hydrograph  also  shows  that  the 
actual  duration  of  surface  run-off  was  2  hr.  9  min.  instead  of  3  hr. 

52  min.  as  indicated  by  the  uncorrected  hydrograph.  The  portion  of 
the  uncorrected  hydrograph  between  11:02  P.M.  April  4  and  12s45  A.M. 
April  5  does  not  represent  surface  run-off.  In  this  particular  case 
it  represents  the  rate  at  which  the  impounded  water  drains  out  of  the 
pond.  In  other  cases,  the  portion  of  the  uncorrected  hydrograph 
beyond  the  time  of  ending  of  surface  run-off  may  represent  both  the 
rat®  at  which  the  pond  is  draining  and  ground  water  flow. 

The  principles  underlying  the  concept  of  the  pondage  correction 
can  be  demonstrated  most  adequately  by  a  discussion  of  Hi©  manner  in 
which  the  corrections  for  the  station  illustrated  in  figs.  3  and  4 
were  developed  and  applied  to  the  record  given  in  fig.  5. 

The  pondage  correction  to  be  applied  to  the  discharge  at  a  given 
stage  is  the  rate  of  ponding  and  not  the  total  volume  impounded  at 
that  stage,  fo^e terrain©  this  rate  of  ponding  at  any  given  stag©  in 
case  of  small  ponds  such  as  would  exist  on  small  drainage  basins  one 
must  know  the  rate  of  change  in  stage  during  an  interval  of  time 

(dh),  and 

tm 


just  prior  to  the  instant  at  which  this  stage  was  reached 


Kates  of  Runoff  in  Cubic  Feet  per  Second 
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FIGURE  5.  ![YDROGRAPH  AIID  RECORD  OF  RAINFALL  AND  RUilOFF  SHOWING  EFFECT  OF 
PONDAGE  CORRECTION  AT  STATION  W-I  (P.L. BOWER)  NEAR  VEGA,  TEXAS 


an  assumption  that  the  level  of  the  entire  ponded  area  changes  simultaneous¬ 
ly  with  the  elevation  of  the  water  surface  at  the  point  at  which  the 

stage  is  measured® 

Due  to  the  limitations  of  the  water level  recorders  used  on  the 
run-off  measuring  stations  the  time  and  stage  cannot  be  determined 
closer  than  ■the  nearest  minute  and  the  nearest  0.01*  respectively.  For 
this  and  other  reasons  discussed  below  the  values  of  0.01'  per  minute 
and  0.01'  of  stag®  for  the  rate  of  change  in  stage  and  for  the 


differential  volume  (dv)  respectively  were  used  in  developing  the  basic 


values  of  the  pondage  corrections.  With  the  principles  and  limitations 
outlined  above  in  mind  the  pondage  corrections  for  the  station  illustra¬ 
ted  in  figs.  3  and  4  were  developed  in  the  following  manner.  The  area 

in  square  feet  included  within  each  of  the  0.5'  contours  and  the 

contours  of  permanent  and  temporary  pondage  shown  in  fig.  4  were 
determined  by  means  of  a  planimster.  The  volume  corresponding  to  a 
depth  of  0.01*  at  each  of  the  contours  was  determined  by  multiplying 
each  of  the  areas  by  0.01.  The  corresponding  rates  of  ponding  in  cubic 
feet  per  second  for  a  rate  of  change  in  stage  of  0.01*  per  minute  were 
obtained  by  dividing  each  of  the  volumes  by  60.  The  values  of  areas , 
volumes,  and  rates  of  ponding  were  tabulated  in  columns  2,  3,  and  5 
of  the  table  shown  in  fig.  6.  Columns  1  and  4  of  this  table  give 

mean  sea  level  and  corresponding  stage  gage  datum  elevations  of  the 

contours  as  well  as  of  intermediate  elevations  discussed  below. 

Stage  gage  datum  elevations  are  the  elevations  of  the  water  surface 
upstream  from  the  weir  referred  to  the  elevation  of  the  notch  which 
for  various  reasons  entering  into  the  setting  of  the  recorder  was 
in  this  case  taken  to  b©  1.500*. 

The  several  rates  of  ponding  thus  obtained  were  plotted 
against  the  corresponding  stage  gage  datum  elevation  which  resulted 
in  the  pondage  correction  curve  shown  in  fig.  6.  Rates  of  ponding 
at  each  0.1'  of  stage  were  determined  from  this  curve  and  the  values 
incorporated  in  the  table.  It  was  not  considered  necessary  to  tabu¬ 
late  values  for  lesser  intervals  of  stage  since  they  could,  if 
necessary,  be  determined  with  sufficient  accuracy  by  simple  interpola¬ 
tion. 

The  pondage  corrections  were  then  incorporated  in  what  is  called 
the  final  rating  table  for  this  station  which  is  illustrated  In  fig.  7. 
This  table  gives  values  of  weir  discharge  (Q*)  for  each  0.01'  of  stage 
in  cubic  feet  per  second  and  values  of  the  pondage  corrections  (Qp)  in 
cubic  feet  per  second  for  rates  of  change  in  stage  from  0.01*  per 
minute  to  0.09*  per  minute  for  each  0.1*  of  stage.  It  should  be  noted 
that  the  values  of  Qp  begin  with  a  stage  of  1.10  while  the  values  of 
Q*  begin  with  1.50  which  is  the  gage  height  (stage)  of  zero  flow  over 
the  weir.  The  values  of  Qp  for  stages  less  than  1.50  are  used  to 
obtain  records  of  initial  rates  of  run-off  for  stages  below  the 
elevation  of  the  notch. 
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243 
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249 
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- 
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13.2 
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.213 
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.500 

.545 
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- 
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- 
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4.90 

331 
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- 
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10.1 

11.8 

13.5 

15.2 

2.10 

3.55 

3.70 

3.85 

4.00 

4.15 

4.35 

4.55 

4.75 

4.95 

5.15 

5.00 

357 

359 

362 

365 

367 

370 

373 

376 

379 

382 

“ 

.317 

.634 

.951 

1.27 

1.58 

1.90 

2.22 

2.54 

2.85 

- 

1.75 

3.50 

5.25 

7.00 

8.75 

10.5 

12.2 

14.0 

15.8 

2.20 

5.35 

5.55 

5.75 

5.95 

6.15 

6.35 

6.60 

6.85 

7.10 

7.35 

5.10 

384 

387 

390 

393 

396 

398 

401 

404 

407 

410 

.370 

.740 

1.11 

1.48 

1.85 

2.22 

2.59 

2.96 

3.33 

- 

1.81 

3.62 

5.43 

7.24 

9.05 

10.9 

12.7 

14.5 

16.3 

2.30 

7.60 

7.85 

8.10 

8.35 

8.60 

8.85 

9.15 

9.45 

9.75 

10.1 

5.20 

412' 

415 

418 

421 

424 

427 

430 

433 

436 

439 

*“ 

.422 

.844  ' 

1.27 

1.69 

2.11 

2.53 

2.95 

3.38 

3.80 

- 

1.88 

3.76 

5.64 

7.52 

9.40 

11.3 

13.2 

15.0 

16.9 

2.40 

10.4 

10.7 

11.0 

11.3 

11.6 

11.9 

12.2 

12.5 

12.8 

13.1 

5.30 

442 

445 

448 

451 

454 

457 

460 

463 

467 

470 

- 

.472 

.944 

1.42 

1.89 

2.36 

2.83 

3.30 

3.78 

4.25 

1.06 

3.92 

5.88 

7.84 

9.80 

11.8 

13.7 

L5.7 

17.6 

2.50 

13.4 

13.8 

14.2 

14.6 

15.0 

15.4 

15.8 

16.2 

16.6 

17.0 

5.40 

473 

476 

479 

482 

486 

489 

492 

495 

498 

502 

- 

.520 

1.04 

1.56 

2.08 

2.60 

3.12 

3.64 

4.16 

4.68 

2.04 

4.08 

6.12 

8.16 

10.2 

12.2 

14.3 

16.3 

16.4 

2.60 

17.4 

17.8 

18.2 

18.6 

19.0 

19.4 

19.8 

20.3 

20.8 

21.3 

5.50 

505 

508 

511 

515 

518 

522 

525 

529 

532 

555 

.563 

1.12 

1.69 

2.25 

2.82 

3.38 

3.94 

4.50 

5.07 

2.12 

4.24 

6.36 

8.48 

10.6 

12.7 

14.8 

17.0 

19,1 

2.70 

21.8 

22.3 

22.8 

23.3 

23.8 

24.3 

24.8 

25.3 

25.8 

26.3 

5.60 

539 

542 

546 

54P 

553 

556 

560 

563 

567 

570 

.603 

1.21 

1.81 

2.41 

3.02 

3.62 

4.22 

4.82 

5.43 

2*13 

4.38 

6.57 

8.76 

11.0 

13.1 

15.3 

17.5 

19.7 

2.80 

26.8 

27.3 

27.8 

28.4 

29.0 

29.6 

30.2 

30.8 

31.4 

32.0 

5.70 

574 

577 

581 

584 

588 

592 

596 

599 

603 

607 

- 

.645 

1.29 

1.94 

2.58 

3.22 

3.87 

4.52 

5.16 

5.80 

- 

2.26 

4.52 

6.78 

9.04 

11.3 

13.6 

15.8 

18.1 

20.3 

2.90 

32.6 

33.2 

33.8 

34.4 

35.0 

35.6 

36.2 

36.9 

37.6 

36.3 

5.80 

611 

614 

618 

622 

626 

630 

633 

637 

641 

645 

" 

.689 

1.38 

2.07 

2.76 

3.44 

4.13 

4.82 

5.51 

6.20 

2.33 

4,66 

6.9? 

9.32 

11.6 

14.0 

16.3 

18.6 

21.0 

3.00 

39.0 

39.7 

40.4 

41.1 

41.6 

42.5 

43.2 

43.9 

44.6 

45.3 

5.90 

649 

652 

656 

660 

664 

668 

671 

675 

679 

683 

- 

.732 

1.46 

2.20 

2.93 

3.66 

4.39 

5.12 

5.86 

6.59 

2.40 

4.80 

7.20 

9.60 

12.0 

14.4 

16.8 

19.2 

2j  .6 

3.10 

46.0 

46.8 

47.6 

48.4 

49.2 

50.0 

50.8 

51.6 

52.4 

53.2 

6.00 

687 

691 

695 

699 

703 

706 

710 

714 

718 

72£ 

.774 

1.55 

2.32 

3.10 

3.87 

4.64 

5.42 

6.19 

6.97 

2.48 

4.96 

7,44 

9.92 

12.4 

14.9 

17.4 

19.8 

22,3 

3.20 

64.0 

54.8 

55.6 

56.5 

57.4 

58.3 

59.2 

60.1 

61.0 

61.9 

6.10 

726 

.820 

1.64 

2.46 

3.28 

4.10 

4.92 

5.74 

6.56 

7.38 

- 

2.56 

5.12 

7.68 

10.2 

12.8 

35.4 

17.9 

20.5 

23.0 

3*  30 

62.8 

63.7 

64.6 

65.5 

66.5 

67.5 

68.5 

69.5 

70.5 

71.5 

.865 

1.73 

2.60 

3.46 

4.32 

5.19 

6.06 

6.92 

7.78 

3.40 

72.5 

73.5 

74.5 

75.5 

76.5 

77.5 

78.5 

79.5 

80.5 

81.6 

“ 

.910 

1.82 

2.73 

3.64 

4.55 

5.46 

6.37 

7.28 

8.19 

3.50 

82.7 

83.8 

84.9 

86.0 

87.1 

88.2 

89.3 

90.4 

91.5 

92.6 

~ 

.955 

1.91 

2.86 

3.82 

4.78 

5.73 

6.68 

7.64 

8.60 

5.60 

93.8 

95.0 

96.2 

97.4 

98.6 

99.8 

101 

102 

103 

105 

“ 

1.00 

2.00 

3.00 

4.00 

5.00 

6.00 

7.00 

8.00 

9.00 

5.70 

106 

107 

108 

110 

111 

l.VI 

114 

115 

116 

117 

1.04 

2.08 

3.12 

4.16 

5.20 

6.24 

7.28 

8.32 

9.36 

3.80 

119 

120 

121 

123 

124 

126 

127 

128 

130 

131 

“ 

1.09 

2.18 

3.27 

4.36 

5.45 

6.54 

7.63 

8.72 

9.81 

3.90 

135 

134 

133 

137 

139 

140 

142 

143 

145 

146 

1.14 

2.28 

3.42 

4.56 

5.70 

6.84 

7.98 

9.12 

10.3 

FIGURE  7.  RATING  TABLE  FOR  STATION  W-I  (P.L. BOWER)  NEAR  VEGA,  TEXAS 
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Some  of  the  items  in  the  heading  of  this  rating  table  require 
a  word  of  explanation*  The  first  line  indicates  that  the  rating 
table  applies  to  the  period  from  larch  1938  to  date®  The  other  date 
is  included  to  show  that  the  station  was  checked  in  October  1939* 

If,  for  instance,  on  March  15,  1940  conditions  at  the  station  had 
changed  sufficiently  to  require  a  revision  of  the  rating  table  this 
line  would  b©  completed  by  adding  the  words  March  15#  1940  to  indi~ 
eat©  that  this  rating  table  applies  only  to  records  obtained  up  to 
March  15,  1940® 

The  term  "G.D.E®,  gage  datum  elevation,1*  has  already  been 
explained  above*  "The  original  point  of  zero  pondage*1  is  the  ele- 
vation  of  the  lowest  point  in  the  channel  above  the  weir  when  the 
station  was  first  put  in  operation*  The  point  of  zero  pondage  is 
subject  to  change  due  to  silting*  A  record  of  this  change  is  ob¬ 
tained  by  periodic  surveys  which  can  be  referred  to  in  connection  with 
run~o££  periods  occurring  when  the  elevation  of  water  surface  is  below 
the  float  at  rest  elevation.  The  float  at  rest  is  the  lowest  position 
of  the  float  which  is  definitely  fixed  by  a  float  rest  ring.  This 
elevation  is  1.123  and  it  is  for  this  reason  that  the  values  of  SL  in 
the  rating  table  begin  at  stage  1.10*  " 

The  use  of  this  rating  table  and  the  application  of  the  pondage 

correction  can  be  demonstrated  by  a  few  illustrative  examples* 

Let  us  first  see  how  the  corrected  rate  of  run-off  at  9*10  P.M. 
on  the  hydrograph  shown  in  fig*  5  was  determined.  From  column  8  of 
the  table  Record  of  Rainfall  and  Run-off  we  find  that  the  stage  at 
9*10  P.M.  was  2.36*  •  The  value  of  Qw  (discharge  over  the  weir)  as 
given  in  the  rating  table  (fig.  7)  is  9*15  c.f.s.  The  gage  height 
(stage)  at  9s09  P.M.  was  1*94*.  This  means  that  the  stage  was  rising 
at  a  rate  of  0.42*  per  minute,  just  before  the  stage  of  2.36*  was 
reached.  Again  consulting  the  rating  table  (fig*  7)  we  find  that 
the  pondage  correction  (Qp)  is  (1*69  x  10)  +  0.844  110  17.7  c.f.s.  for 
a  stage  of  2*30’  and  (1.89  x  10)  ♦  0*944  ■  19*8  c.f.s  for  a  stage  of 
2*40'.  The  correct  value  for  a  stage  of  2.36*  would,  therefore,  be 
19.0  c.f.s  It  will  be  noted,  however,  that  rather  than  interpolate, 
the  value  of  19*8  c.f.s  was  used  in  the  tabulation.  This  was  done 
because  the  difference  of  0.8  c.f.s  would  b®  less  than  3%  of  the 
corrected  rate  of  29*0  c.f.s  which  is  beyond  the  accuracy  with  which 
the  pondage  correction  can  be  determined.  The  same  practice  was 
followed  in  determining  all  other  values  of  the  pondage  correction, 
that  is,  the  tabular  values  for  the  nearest  0*1*  of  stage  were  used® 
Since  the  stage  was  rising  the  pondage  correction  must  be  added  to 
the  discharge  of  the  weir  because  the  correction  represents  the  rat© 
at  which  water  was  impounding  just  before  the  stage  of  2.365  was 
reached.  The  actual  rate  of  surface  run-off  was,  therefore,  9«15  ♦ 
19*8  “  29.0  c.f.s.  It  is  significant  that  with  a  rate  of  rise  of 
only  0.42®  per  minute  the  value  of  Qp  is  more  than  twice  the  value 
of  Qvy*  One  needs  only  refer  back  to  fig.  1  which  shows  a  rate  of 
rise  of  one  foot  per  minute  to  realize  the  magnitude  of  the  error 
involved  in  neglecting  the  pondage  correction. 
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We  shall  nor  demonstrate  how  the  pondage  correction  is  applied 
on  falling  stages  and  how  the  actual  time  of  ending  of  run-off  is 
determined.  Let  us  consider  the  rates  of  run-off  at  10:10  P.M.  and 
at  10:32  P.M.  in  the  above-mentioned  hydrograph.  The  gage  heights 
at  10:10  and  at  10:32  were  1.80*  and  1.70'  respectively.  This  is  a 
drop  of  0.1*  in  22  minutes  or  a  rate  of  change  (rate  of  fall  in  this 
case)  in  stage  of  0.0045’  per  minute  which  means  that  the  water 
surface  in  the  pond  was  lowering  at  this  rate  just  before  the  stage 
of  1.70’  was  reached.  For  a  stage  of  1»70'  the  rating  table  gives 
a  value  of  Q*  equal  to  0.213  c.f.s.  and  a  value  of: 


Qp 


(0.940  A  1.18) 

CTBT"  “TOOT 


0.106  c.f.s. 


The  corrected  rate  of  run-off  is,  therefore,  equal  to  0.213  -  0.106  « 

0.107  c.f.s.  The  pondage  correction  is  subtracted  from  the  weir  dis¬ 
charge  because  in  this  case  it  is  the  rate  at  which  the  water  impounded 
by  -the  weir  is  draining  at  this  stage.  In  a  similar  manner  the  values 
of  and  Qp  at  11:08  P.M.  were  found  to  be  0.037  c.f.s  and  -  0.061  c.f.s. 
respectively  which  resulted  in  a  -«alue  of  Q  «  0.037  -  0.061  33  -0.024  c.f.s. 
This  negative  value  indicates  that  surface  run-off  ended  between  10:32  P.M. 
and  11:08  P.M.  The  actual  time  of  aiding  of  run-off  was  determined 
graphically  as  shown  in  the  lower  right  corner  of  fig.  5  and  found  to 
be  11:02  P.M. 


In  discussing  the  final  rating  table,  mention  was  made  of  the 
original  point  of  zero  pondage  and  of  the  fixed  elevation  of  float 
at  rest  which  are  below  the  notch.  It  so  happened  that  the  run-off 
period  under  discussion  began  when  the  water  surface  in  the  channel 
of  approach  was  at  the  elevation  of  the  notch  (1.50* )„  Quite  often 
this  may  not  be  the  case  and  the  rates  of  run-off  for  stages  below 
1.50*  must  be  determined  to  obtain  a  complete  hydrograph  and  the  correct 
total  volume  of  run-off.  To  illustrate  how  the  pondage  correction 
is  used  to  determine  such  rates,  let  us  assume  that  the  stage  was  1.23' 
at  8:53  P.M.  when  run-off  began.  Let  us  further  assume  that  at  8:54  P.M. 
the  stage  as  1.34* •  This  represents  a  rate  of  change  in  stage  of  0.11' 
per  minute  and,  therefore,  a  value  of  Qp  *  1.56  c.f.s.  Since  at  this 
stage  there  is  no  flow  over  the  weir  Qw  »  0  and  the  resulting  corrected 
rate  of  run-off  »Q"Qw+Qp"0+  1»56  3  i.56  c.f.s.  One  or  more 
additional  rates  of  runoff,  depending  on  whether  or  not  the  rate  of 
rise  changed,  would  be  determined  in  a  similar  manner  for  stages  below 
1.50*  which  when  plotted  would  define  the  hydrograph  below  notch 
elevation. 


It  is  obvious  that  at  peaks  and  troughs  on  the  hydrograph  the 
rates  of  change  in  stage  are  zero,  that  is,  at  the  instants  of  peaks 
and  troughs  the  inflow  at  ths  station  is  equal  to  the  outflow.  The 
pondage  correction  is,  therefore,  zero. 

It  should  be  noted  from  fig.  5  that  while  the  rates  and  time  of 
ending  of  surface  run-off  differ  in  the  corrected  and  uncorrected 
hydrographs,  the  total  volume  of  run-off  based  on  either  hydrograph 
is  the  same •  This  is  as  it  should  be  in  this  case  if  the  storage 
equation  (outflow  •  inflow)  is  to  be  satisfied.  The  slight  discrepancy 
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of  0.8#  shown  by  the  last  entries  in  columns  13  and  14  in  fig*  5  is 
well  within  the  accuracy  with  which  the  pondage  correction  can  be  de¬ 
termined  for  natural  channels.  If  surface  run-off  had  begun  at  stag© 
1.23 5 ,  that  is  5  below  the  notch,  the  total  volume  based  on  the  un¬ 
corrected  hydrograph  would  have  been  in  error.  It  would  have  been 
less  than  the  volume  based  on  the  corrected  hydrograph  by  an  amount 
equal  to  the  volume  of  the  pond  between  elevations  1,23*  and  1.50* . 

The  fact  that  the  total  volumes  given  in  the  last  entries  of  columns 
13  and  14  of  fig.  5  check  as  close  as  they  do  proves  the  validity  of 
the  pondage  correction. 

We  have  already  inferred  thatthe  pondage  cannot  be  determined 
with  a  high  degree  of  accuracy.  In  the  case  of  a  natural  channel 
of  approach  the  accuracy  is  affected  by: 

(a)  Errors  in  the  topographic  survey  of  the  so-called 
” temper ary  pondage.” 

(b)  Errors  in  plotting  ’the  topographic  map. 

(c)  Errors  in  planimetering  the  areas  within  each 
of  the  contours® 

(d)  Errors  in  the  determination  of  the  rates  of  change 
in  stage® 

Because  these  errors  may  be  either  cumulative  or  compensating  it  is 
impossible  to  estimate  the  degree  of  accuracy  of  the  pondage  correction. 
Let  us,  however,  assume  that  the  total  error  involved  is  as  high  as 
20%  and  see  what  effect  such  an  error  would  have  on  the  final  rates 
of  run-off.  Let  us  consider  the  initial  rate  of  run-off  at  8:54  P«M» 

The  values  of  and  Qp  are  0.101  c.f.s.  and  3.30  c.f.s.,  respectively. 
With  an  error  of  20$,  Qp  would  be  either  2.64  c.f.s.  or  3*96  c.f.s. 

Using  the  smaller  value'  Q  »  Qw  *  Qp  would  be  0.101  *  2.64  *  2.74  c.f.s. 
However,  if  the  pondage  correction  is  neglected  altogether  the  value 
of  Q  would  be  0.101  c.f.s. which  is  a  small  fraction  of  either  3»40 
c.f.s.  or  2,74  c.f.s.  Applying  the  same  reasming  to  the  rat©  at 
9:10  P.M.  an  error  of  20#  in  Qp  would,  in  that  case,  result  in  an 
error  of  14#  in  the  actual  rate  of  run-off.  Neglecting  Qp  would  re¬ 
sult  in  an  error  of  273#  or  317#*  The  above  discussion  indicates 
that  although  the  error  in  Qp  may  be  considerable  it  can  by  no  means 
be  neglected  if  rates  of  run-off  are  to  be  determined  with  any  degree 
of  accuracy.  It  also  shows  rather  conclusively  that  when  measure¬ 
ments  of  run-off  from  very  small  comparable  areas  are  made  for  the 
purpose  of  determining  the  effect  of  a  single  factor  on  run-off,  care 
must  be  exercised  to  reduce  the  pondage  to  an  absolute  minimum  and  to 
eliminate  as  many  as  possible  of  the  errors  involved  in  the  determina¬ 
tion  of  the  pondage  correction. 

With  measuring  devices  now  available  the  pondage  correction 
cannot  be  altogether  eliminated.  Although  it  may  not  always  be 
practical  to  do  so,  it  is  theoretically  possible  to  shape  the  channel 
of  approach  at  a  weir  or  flume  in  such  a  manner  as  to  make  the  pondage 
correction  for  an  assumed  maximum  rate  of  change  in  stage  negligible 
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in  relation  to  the  rated  discharge  of  the  measuring  device.  With  the 
equation  given  below  one  can  determine  the  surface  area  of  the  pond 
which  should  not  be  exceeded  at  a  given  stage  if  the  pondage  correction 
is  to  be  less  than  a  given  percentage  of  the  rate  of  discharge  of  the 
run-off  measuring  device  for  an  assumed  maximum  rate  of  change  in 
stages 


A  »  0.6  p  Q^.  ........  .  (I) 

m 

In  this  equations 

A  is  the  surface  area  of  the  pond  in  sq.  ft.  at  any  stage  H® 

is  the  rated  discharge  of  the  flume  or  weir  in  c.f.s.  at 
the  same  stage* 

ra  is  the  rate  of  change  in  stage  in  feet  per  minute  just 
before  stage  H  is  reached. 

p  in  percent  equals  x  100,  in  other  words,  it  indicates 

what  percentage  of  the  rated  discharge  the  pondage 

correction  represents. 

By  way  of  illustration,  let  us  determine  the  maximum  allowable  area  of 
the  pond  at  stage  1*90'  at  the  station  illustrated  in  figs.  3  and  4, 
which  would  permit  neglecting  the  pondage  correction  for  rates  of 
change  in  stage  not  exceeding  0.03*  per  minute  if  the  error  involved 
in  neglecting  pondage  correction  is  not  to  exceed  This  gives 

values  of  m  ■  0.03,  p  *  5*  From  the  rating  table  (fig.  7)  Qsr  at 
stage  1.90'  is  1.20.  Substituting  these  values  in  the  above  equation 
and  solving  for  A  we  finds 

A  *  0.6  x  x  1*20  ■  120  sq.  ft. 

A  practical  installation  for  small  areas  which  will  tend  to 
make  the  pondage  correction  small  for  the  smaller  rates  of  change  in 
stage  and  will  keep  it  constant  throughout  the  entire  range  in  stage 
for  any  given  rate  of  change  can  be  attained  by  placing  the  measuring 
device  (flume  or  weir)  below  the  elevation  of  the  natural  channel 
and  confining  the  pondage  to  a  rectangular  box.  Such  a  box  must  be 
as  small  as  possible  without  adversely  affecting  the  performance  of 
the  measuring  weir  or  flume.  If  the  box  is  Impervious  it  will  also 
eliminate  the  error  due  to  seepage  which  may  be  important  -where 
small  differences  in  run-off  from  two  comparable  areas  are  studied 
in  establishing  trends  in  the  effects  of  various  factors  on  run-off. 

There  are  a  number  of  implications  of  the  pondage  correction 
which  should  be  of  interest  both  to  engineers  and  hydrologists. 

Equation  (I)  can  be  written  thus. 
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This  converts  the  units  of  area  from  square  feet  to  acres.  In  this 
form  the  equation  can  be  conveniently  used  to  estimate  the  rates  of 
run-off  represented  by  pondage  at  any  head  on  a  spillway  of  a  small 
impounding  reservoir,  if  values  of  are  known  or  can  be  safely 
estimated.  In  this  case  Qw  is  of  course  ^he  discharge  of  the  spill- 
way  at  a  given  head  and  A  the  area  of  the  reservoir  in  acres  at  the 
same  head* 

This  equation  can  also  be  used  in  converting  the  discharge 
of  spillways  on  small  impounding  reservoirs  into  actual  rates  of 
surface  run-off  if  the  rates  of  change  in  stage  and  the  head  on 
the  spillways  are  determined  by  means  of  a  waterstage  recorder 
properly  Installed  In  the  reservoir.  There  are,  however,  several 
practical  difficulties  which  may  limit  the  application  of  this  method* 
Due  to  the  large  surface  areas  which  may  be  involved,  a  greater  degree 
of  refinement  in  measuring  the  stage  and  the  rate  of  change  in  stage 
may  be  required.  The  determination  and  application  of  the  pondage 
correction  is  further  complicated  by  waves  and  the  back-water  curve. 
Nevertheless,  this  may  be  the  only  method  of  obtaining  rates  of 
run-off  from  areas  which  are  too  small  for  current  meter  measurements 
yet  too  large  for  weirs  and  flumes  with  a  minimum  of  pondage. 

The  secondary  peaks  and  other  variations  brought  out  in  the 
corrected  hydrographs  should  prove  valuable  in  detailed  studies  of 
the  rainfall  run-off  relationship.  The  student  of  run-off  phenomena 
may  find  the  pondage  correction  helpful  in  verifying  correct 
hypotheses  and  in  overthrowing  incorrect  ones. 

In  view  of  the  large  errors  involved  in  neglecting  the  pondage 
correction  and  of  the  errors  involved  in  its  determination,  especially 
for  run-off  stations  with  natural  channels  of  approach,  the  tolerances 
to  be  adhered  to  in  the  construction  of  pre calibrated  rate  measuring 
devices  need  not  be  very  narrow.  One  must,  however,  be  very  careful 
to  keep  within  tolerances  justified  by  the  pondage  correction. 

The  method  of  determining  the  time  of  ending  of  surface  run¬ 
off  discussed  in  this  paper  may  prove  helpful  in  segregating  surface 
run-off  from  ground  water  flow  in  cases  where  channel  storage  is 
negligible » 

The  various  uses  of  the  pondage  correction  mentioned  above 
are  merely  suggested  for  consideration.  The  development  of  actual 
methods  would  require  considerable  study. 

CONCLUSIONS! 

1.  Pondage  corrections  must  be  applied  in  all  cases  where 
rates  of  surface  run-off  from  small  drainage  basins  are  determined 
by  means  of  measuring  devices  which  create  pondage. 

2,  It  is  the  rate  of  pondage  rather  than  the  volume  that 
determines  the  magnitude  of  the  pondage  correction. 
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3.  The  errors  involved  in  neglecting  the  pondage  correction  are, 
as  a  rule,  immesurably  greater  than  those  involved  in  the  determination 
of  the  pondage  correction. 

4*  In  cases  where  it  is  necessary  to  determine  rates  of  run¬ 
off  from  two  or  more  comparable  very  small  watersheds  (less  than  5  acres) 
for  the  purpose  of  determining  the  effect  of  a  single  factor  on  run-off 
every  effort  must  be  made  to  reduce  the  area  of  pondage  to  the  absolute 
minimum  consistent  with  proper  operation  of  the  measuring  device.  If 
this  is  done  the  pondage  correction  may  be  negligible  for  small  rates 
of  change  in  stage.  The  correction  must  even  then  be  considered  for 
larger  rates  of  change. 

5.  The  pondage  corrections  afford  a  means  of  determining  the 
actual  time  of  ending  of  surface  run-off  and  bring  out  secondary  peaks 
and  variations  not  shewn  by  the  uncorrected  hydro graph. 
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